The morphology of the adult male and male nymphal instars of C. rusci are described and illustrated. A key to the adult males of the described Ceroplastes and Waxiella male species (Ceroplastes ceriferus (Fabricius), C. cirripediformis Comstock, C. japonicus Green, Waxiella berliniae (Hall) and Waxiella sp.) is provided and their taxonomic affinities discussed.
Introduction
The classification of the scale insects (superfamily Coccoidea) is based almost entirely on adult female structure, whilst the morphology of the adult male and nymphal stages of most Coccoidea are poorly known. Whilst a few adult males and other stages had been described prior to the 1960s, it was only then that the first really detailed descriptions of several adult males appeared (Theron, 1958; Ghauri, 1962; Giliomee, 1967; Afifi, 1968) . The adult males, unlike neotenic females, are fully mature insects and their large number of morphological characters can therefore be used to show relationships, particularly at the family and subfamily levels (Boratynski, 1971; Hodgson, 2001; Hodgson & Henderson, 2004; Hodgson & Foldi, 2006) .
Ceroplastes is a very large genus placed in the subfamily Ceroplastinae or wax scales. From this genus, several controversial genera have been split, most of them presently regarded as synonyms (Hodgson, 1994) . Some authors (Gimpel et al., 1974; Ben-Dov, 1993 ) recognized only Ceroplastes, Vinsonia and Waxiella as separate genera. Qin & Gullan (1995) , after a cladistic analysis, concluded that the group is monophyletic and all the wax scales should be classified into the genus Ceroplastes. The genus Vinsonia was recently synonymized with Ceroplastes (Peronti et al., 2008) , so that, at present, the subfamily Ceroplastinae only includes two genera: Ceroplastes, with 135 species, and Waxiella, with 20 species (Ben-Dov et al., 2009) . The Ceroplastes species have a worldwide distribution (much of this perhaps due to human activity) whereas the species presently included in Waxiella are distributed mainly in Africa.
Despite the large number of species in the Ceroplastinae, the adult males of only 5 species have been well described, namely Ceroplastes ceriferus (Fabricius), C. cirripediformis Comstock, C. japonicus Green (Gimpel et al., 1974; Rainato & Pellizzari, 2008) , Waxiella berliniae (Hall) and Waxiella sp., (previously described as Ceroplastes species) (Giliomee, 1967) .
C. rusci was the first wax scale to be described (Linnaeus, 1758) and is mainly known from the countries surrounding the Mediterranean basin and in Africa. Despite its wide distribution and pest status in many countries, only the adult female is known in detail (Hodgson, 1994; Pellizzari & Camporese, 1994) . The adult male and both male and female nymphal instars have been described long ago (Silvestri & Martelli, 1908; Khasawinah & Talhouk, 1964) , but these descriptions are inadequate by present day standards. This paper provides detailed descriptions of the adult male and male instars of C. rusci and compares them with recent descriptions of the other known adult males within the Ceroplastinae.
Materials and methods
Adult egg-laying C. rusci females, previously collected off Ficus carica in Kalamata (37º04'N-21º49'E), Greece, in April 2007, were placed on F. carica trees growing in the Experimental Farm of the Faculty of Agriculture, Legnaro, Padua district, (45º20'50''N-11º57'35''E), Italy, and their male and female offspring were reared during the summer of 2007 to obtain all the instars. Male specimens of each stage were slide mounted according to the procedures of Ben-Dov and Hodgson (1997) . Measurements and numbers are given as ranges, followed by the mean in parentheses. Adult male terminology follows that of Giliomee (1967) .
Ceroplastes rusci (Linnaeus)
Material examined: 15 adult males, 10 2 nd -instar male nymphs, 10 prepupae, 14 pupae.
ADULT MALE (Fig. 1) . Described from 8 males in fairly good condition; details checked on remaining specimens. (mc) showing polygonal reticulations; dorsal head setae: with 6-10 (8) fs and 6-14 (9) hs setae. Dorsal mid-cranial ridge absent; ventral midcranial ridge (vmcr) strong and well developed, extending anteriorly from anterior margin of ocular sclerite to short lateral arms of midcranial ridge. With 2 ventral midcranial ridge setae. Genae (g) unsclerotised, with polygonal reticulations and 22-30 (26) fs and 8-12 (9) hair-like genal setae (gs) on each side. Simple eyes: two pairs, subequal in size, rounded, in some specimens cornea of ventral simple eye stretched sagittally; dorsal eyes situated near head apex, each 36-42 (39) , IX 13-15 (14) fs respectively; hs absent. One antennal bristle distinctly larger than fleshy setae present on segments VIII and IX, (Linnaeus) , adult male. Where: A = antennal segments: A I = segments I-III, A II = segment X; B = body setae: B I = fleshy seta, B II = hair seta; C = metatarsus and claw; D = dorsal and ventral view of the genital segment; E = dorsal (E I ) and ventral (E II ) view of polygonal reticulations on head capsule. And where ads = dorsal abdominal setae; aed = aedeagus; ams 3 s = ante metaspiracular setae; amss = anterior metasternal setae; as II -as VIII = abdominal sternite II-VIII; at I -at VIII = abdominal tergite I-VIII; bma = basal membranous area; bra = basal rod of aedeagus; c = claw; cb = coxal bristles; ccx = costal complex of wing veins; cdgt = claw digitules; ce VII = caudal extension of segment VII; ce VIII = caudal extension of segment VIII; ci = dorsal cicatrix; ncx 3 = coxa of methathoracic leg; dos = dorsal ocular setae; dpls = dorsopleural setae; dse = dorsal simple eye; dss = dorsal spiracular setae; eps 2 = mesepisternum; f = furca; fm 3 = femur of metathoracic leg; g = genae; gs = genal setae; gts = genital fleshy setae; mc = median crest; mr = marginal ridge; o = ocellus; pa = postalare; pepcv = proepisternum + cervical sclerite; pms 2 = post mesospiracular setae; pmss = posterior metasternal setae; pn 2 = mesopostnotum; pna = postnatal apophysis; pra = prealare; prn = lateral pronotal sclerite; prnr = pronotal ridge; prsc = prescutum; ps = penial sheath; pscr = prescutal ridge; pscs = prescutal suture; scl = scutellum; sclf = scutellar foramen; sct =scutum; scts = scutal setae; sp 2 = mesothoracic spiracle; sp 3 = metathoracic spiracle; stn 1 = prosternum; stn 1 s = prosternal setae; stn 2 = basisternum or mesosternum; tar 3 = tarsus of metathoracic leg; tdgt = tarsal digitules; teg = tegula; tegs = tegular setae; ti 3 = tibia of metathoracic leg; tibs = tibial spur; tr 3 = trochanter of metathoracic leg; vmcr = ventral midcranial ridge; vpls = ventropleural setae; vse = ventral simple eye.
Abdomen. Segments I-VII: tergites (at) I & II mainly unsclerotised, III-VII slightly sclerotised; sternites (as) II-VII fairly well sclerotised. Caudal extension of segment VII (ce VII ) very prominent and tapering, fairly well sclerotised ventrally, usually with pleural setae situated near apex longer and spine-like than basally. Dorsal abdominal setae (ads) (totals): I & II absent; III 4 fs; IV 4 fs + 4 hs; V 4-8 fs + 4 hs; VI 4 fs + 4-8 hs; VII 0-2 fs + 4 hs. Pleural setae: dorsopleural setae (dpls) (on each side): I absent; II & III 2 fs; IV 2-4 fs + 2 hs; V 1-4 (2) fs + 2 hs; VI 2-4 fs + 2 hs, and VII 4-6 fs + 2 or 3 hs. Ventropleural setae (on each side): I absent; II 4 fs + 1 hs; III 2 fs; IV 2 fs + 2 hs; V 2-4 fs + 2-4 hs; VI 2-4 fs; VII 7-10 (9) fs + 2 hs on VII. Ventral abdominal setae (totals): II 20-24 (23) fs; III 16-20 (18) fs + 2 hs; IV 8-12 fs + 2 hs; V 6-10 fs + 2 hs; VI 6-10 (8) fs + 2 hs; and VII 4-6 fs + 2 hs (sometimes 4-6).
Segment VIII: tergite and sternite sclerotised; dorsal abdominal setae (ads) (total): 4 hair setae; dorsopleural setae (dpls) (on each side): 2 fs + 2 hs; ventropleural setae (on each side): 2-4 fs + 2 hs; sternite without ventral abdominal setae; caudal extension of segment VIII (ce VIII ) weakly sclerotised, forming a prominent semi-circular lobe; dorsal cicatrix present (ci); nodulations not detected on ce VIII ; glandular pouches present, each with 2 long flagellate setae, each 138-177 (163) μ m long; protruding part about 5 times as long as section within pouch. Small tergal plate of segment IX present; ante anal setae: 4 or 5 (fs) and 3 hair setae on each side of posterior margin of segment VIII.
Genital segment: penial sheath (ps) long, with parallel sides but these diverging anteriorly, posteriorly with a pointed apex, this produced into a small and finger-like membranous extension; anal opening less than (33) μ m long. Claws each with a denticle; claw digitules unequal, one broad apically, the other slender and knobbed at apex, each 16-19 (17) μ m long.
Comments: the only described Ceroplastes 2 nd -instar male nymphs are those of C. sinensis and C. japonicus Rainato & Pellizzari, 2008) . Comparison with these descriptions suggests that the 2 nd -instar male nymphs of these three species are very similar, the main differences appearing to be in the number of spiracular disc-pores, marginal setae and dorsal tubular ducts: C. rusci and C. sinensis have 6 spiracular disc-pores whereas C. japonicus has 8-12 (10); C. rusci has 8 or 9 marginal setae anteriorly between eyespots whereas C. japonicus has 5 or 6; C. rusci has 11-13 (12) dorsal tubular ducts between the eyespots whereas C. japonicus has 6-11 (9). In addition C. rusci has a denticle on the claw, which is absent on the claws of C. japonicus and C. sinensis. Fig. 3) Described from 7 specimens in fairly good condition. Details checked on remaining 3 specimens. Unmounted material: reddish brown in colour. Comments: the only Ceroplastes prepupa which has been described previously is that of C. japonicus (Rainato & Pellizzari, 2008) . They appear to be very similar although the head setae and interantennal setae are possibly more numerous on C. rusci. In addition, C. rusci has only 3 spiracular disc pores associated with each spiracle whereas C. japonicus has 6-12 (8).
PREPUPA (
PUPA (Fig. 4) Described from 14 specimens in good condition. Comments: the only pupa of a Ceroplastes species described previously is that of C. japonicus (Rainato & Pellizzari, 2008) . The main difference is in the number of spiracular disc-pores, with C. rusci having 8-11 (9) near each anterior spiracle and 3-5 (4) near each posterior spiracle, whereas C. japonicus has 10-16 (13) near each anterior spiracle and 7-10 (9) near each posterior spiracle.
Key to Ceroplastes species based on adult males
The key to adult male Ceroplastes and Waxiella (Rainato & Pellizzari, 2008 ) is modified to include C. rusci. 
Comments
The main differences among the adult males of C. ceriferus, C. cirripediformis, C. japonicus, C. rusci, W. berliniae and Waxiella sp. (Giliomee, 1967; Gimpel et al., 1974; Rainato & Pellizzari, 2008) are: 1) Distribution of fleshy setae on penial sheath: C. rusci shares the presence of fleshy setae on the basal portion of the penial sheath with C. japonicus and C. cirripediformis, which are absent on C. ceriferus. Known Waxiella males do not have any fleshy seta on penial sheath.
2) Presence of glandular pouches: glandular pouches are present on C. cirripediformis, C. rusci, W. berliniae and Waxiella sp. but are absent on C. japonicus and C. ceriferus.
3) Shape of penial sheath apex: the apex is pointed in C. cirripediformis, C. japonicus, C. rusci, W. berliniae and Waxiella sp. but is broadly rounded in C. ceriferus. 4) Number of scutal setae: C. ceriferus has about 45, whereas C. cirripediformis, C. japonicus and C. rusci each have about 19-23 scutal setae. Waxiella berliniae has an average 24 and Waxiella sp. 18. 
Discussion
The morphology of the adult females of Ceroplastes species has been used to predict their geographical origin based on cladistic analysis . At present, the adult male morphology of only 6 Ceroplastinae is known from a total of 155 species recorded worldwide (Ben-Dov et al., 2009) . This is far too few to allow an analysis of relationships among species and cannot help in clarifying the native areas of some species (i.e. C. japonicus). However, we offer a few suggestions below.
Among the Ceroplastes males, C. rusci and C. cirripediformis share several diagnostic characters (see Table 1 ) even if C. rusci is believed to be native to the Afrotropical region (Qin et al., 1998) or to the Mediterranean basin (Balachowsky, 1933) , whereas C. cirripediformis is a Neotropical species (Qin et al., 1998) .
Ceroplastes ceriferus, a Neotropical species, is clearly morphologically distinct from the Neotropical C. cirripediformis and also from the other Ceroplastes adult males, due to its peculiar penial sheath features and number of scutal setae.
Ceroplastes japonicus was considered to be an Oriental species by Borchsenius (1957) whereas Qin et al. (1998) considered that it probably had a Neotropical origin. However, it differs from both the Neotropical C. ceriferus and C. cirripediformis, as indicated above.
Ceroplastes rusci shares several features with the Afrotropical Waxiella males (see Table 1 ), although it has fleshy setae on the basal portion of the penial sheath, which are absent from the two known Waxiella males. They appear to form a group, with an Afrotropical range, morphologically well separated from the other Ceroplastinae males. Gimpel et al. (1974) ; data for W. berliniae and Waxiella spp. from Giliomee (1967) ; data for C. japonicus from Rainato & Pellizzari, 2008. 
